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Presentation Content
• BWR Design Evolution
• ESBWR Primary Characteristics
• ESBWR Passive Systems
• Differences from previous BWRs
• ESBWR Active Systems
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Containment Evolution
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Site Parameters
•EPRI Utility Requirements Document Plus
> Tornado

– 330 mph
> Extreme Winds

– 140 mph for safety-related
> Temperatures

– Bound the 3 ESP sites
> Seismic

– Reg Guide 1.60 plus a CEUS hard rock site
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Site Plan
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Power Block Arrangement



9
GE Energy /  Nuclear
September 15, 2006Copyright ©  2006 by GE Energy / Nuclear

ESBWR Basic Parameters

•4,500 Megawatt Core Thermal Power
•~1, 575 to 1,600 Megawatt Electric Gross
> Nominal Summer Rating 

•Natural Circulation
> No recirculation pumps

•Passive Safety Systems
> 72 hours passive capability
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Made non-safety grade
Reactor Building Service Water (Safety Grade)
And Plant Service Water (Safety Grade)

Replaced pumps with accumulatorsSLC –2  pumps

Replaced with IC heat exchangersRCIC

Eliminated – only 2 non-safety grade dieselsSafety Grade Diesel Generators (3 each)

Non-safety, combined with cleanup systemResidual Heat Removal (3 each)

Utilize passive and stored energyLPFL (3 each)

Eliminated need for  ECCS pumpsHPCF System (2 each)

EliminatedRecirculation System + support systems

ESBWRABWR

What’s different about ESBWR
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Other Design Improvements
•100% Steam Bypass
> Island Mode of Operation

•Fine Motion Control Rod Drives (FMCRD)
•Shoot-out Steel Eliminated
•Integrated Head Vent Pipe
•Improved Incore Instrumentation
> Start-up Range Neutron Monitor (SRNM)
> Gamma Thermometer

– No Traversing Incore Probe (TIP)
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Natural Circulation

• Passive safety/natural circulation 

• Increase the volume of  water in the 
vessel

• Increase driving head 

• Significant reduction in components

• Pumps, motors, controls, HXers

• Power Changes with Control Rod Drives

• Minimal impact on maintenance

Simplification without 
performance loss ..



Passive Safety
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Passive Safety Systems …
Isolation Condenser System Passive Containment Cooling
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72 Hours Passive Capability
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Gravity Driven Cooling System …
Simple design
Simple analyses

Extensive testing
Large safety margins

Gravity driven flow keeps core covered
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LOCA Water 
Level 
Response
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Reactor and Fuel Building
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Containment
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Isolation Condensers
•ICs provide passive decay heat removal
> Single Failure Criteria apply
> No lift of the Safety Relief Valves (SRVs)
> Operates in all Design Basis Conditions except 

medium and large break LOCAs
> ICs transport decay heat direct from NSSS to 

the Ultimate Heat Sink
> No steaming in the primary containment

> Rapidly reduces RPV pressure
> Redundant Active Components
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•PCCs provide passive decay heat removal from 
the primary containment
> Operates in medium and large break LOCAs
> Provides backup of ICs if needed

– RPV is depressurized using DPVs
> Entirely Passive

> ~40 hours with demineralized water
> PCCs transport decay heat direct from Primary 

Containment to the Ultimate Heat Sink

Passive Containment Cooling



ATMOSPHERIC
V ENTSTEAM

DRYER

IC/ PCC
POOL

PCC
CONDENSER

INLET

CONDENSATE
DRAIN LINE

DRYWELL

GDCS POOL

SPARGER

SUPPRESSION POOL

CONTA INMENT BOUNDARY

N
O

N
-C

O
N

D
EN

SA
BL

ES
V

EN
T

LI
N

E

LOOP A SHOWN

TYP LOOP B, C, D, E & F



28
GE Energy /  Nuclear
September 15, 2006Copyright ©  2006 by GE Energy / Nuclear

•Gravity Driven Cooling System (GDCS)
• Three Pools
• Four Trains

•Automatic Depressurization System (ADS)
• 10 of 18 Safety Relief Valves (SRV)

• Pneumatic actuation
• 8 Depressurization Valves (DPV)

• Squib actuated

Emergency Core Cooling (ECC)
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Emergency Core Cooling (cont)

•Core remains covered for entire range of Design 
Basis Accidents
> No fuel heat-up

•Complies with 10 CFR 50.46
> Codes have been approved by NRC

•Stored water is sufficient to flood containment 
and RPV to above the top of fuel
> 1 meter above TAF
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MSIV, SRV and DPV Arrangement
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Depressurization Valve (DPV)
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Other Safety-Related Passive Systems
•DC Power Supplies
> Battery banks
> Inverters
> Battery Chargers

•Emergency Breathing Air System
> Main Control Room Habitability

•Standby Liquid Control (SLC)
> Two Pressurized Tanks of Boron
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Safety-Related Electrical
•Four Divisions
•DC Backed
> Inverted power for AC loads
> 4 Divisions with 24 hours Capability 

– Monitor
– Control

> 2 divisions with 72 hours Capability 
– Monitor 
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1E Electrical Arrangement
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1E Electrical Arrangement (cont)
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Standby Liquid Control
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Emergency Breathing Air System
•Main Control Room Habitability
> Pressurized space 1/8 inch water gauge
> EBAS safety-related

– Single Failure Proof
– 72 hour passive capability

> MCR HVAC non-safety related
– With AC power availble
– 2 x 100% trains
– HEPA and Charcoal filtration
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Reactor Water Cleanup (RWCU)
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Shutdown Cooling
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Fine Motion Control Rod Drives (FMCRD)
•269 Control Rods
•Hydraulic Scram
> 1 HCU for 2 FMCRDs
> FMCRDs for 1 HCU are separated in core
> No Scram Discharge Volume
> Rapid Insertion

– ~1.1 seconds full out to full in
> Reduced maintenance

•Shoot-out Steel is eliminated
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FMCRD (cont)

•Insertion and Withdrawl by Electric Motor
> No overshoot
> Can be ganged in groups as large as 26
> Positioning Increments of ~3 inches
> Rod Control and Information System (RCIS)

•Rod Drop Accident is no longer Credible
> Detection of blade failure to follow drive
> Check of blade to drive coupling integrity
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FMCRD (cont)

•Power adjustments are made with rod 
movement
> Select Control Rod Rapid Insertion (SCRRI), 

provides a means for rapid power reduction
•Maintenance
> Hydraulic portions surveillance primarily
> Electrical requires no break of pressure 

boundary
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